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EXECUTIVE SUMMARY

The potentid negative impact of hurricane-generated storm surge and wave
energy on the oil and gas infradructure located in coastd Louisdana is enormous. This
can be attributed to: (1) the extent and number of facilities located there; and (2) the fact
that barrier idands and marshes have dradticaly diminished during recent history and are
predicted to continue doing so in the absence of implementing well designed, large-scae
retoration plans. It is the primary objective of this pilot sudy to evauate, usng sate-of-
the-at numericd hydrodynamics models, how the loss of barier idands and wetlands
affects sorm surge and wave energy along a portion of the south-central Louisiana coast.

Usng a Hurricane Planetary Boundary modd, a sorm surge mode (ADCIRC)
and wave modd (SWAN), the resultant data indicate that the vast mgority of the study
dte underwent a condiderable increase in combined surge and wave height during the
interva 1950-1990's on smulating a category 3 hurricane.  This is an important period
in time in that it represents the actud physica breskdown of the coast and to which the
increase in surge and wave height can be directly aitributed. Thus, the concluson is
important in that the data provide a highly unique data st demondrating tha the
deterioration of coastal south-centra Louisana has likey resulted in an increase in surge
and wave height during this 40-year time period. The magnitude of incresse is typicaly
8-10 ft dthough change >12 ft is readily agpparent adong the marsh shordines and
barriers.

Over the approximate 30 year period between 1990's and 2020, the mode
forecast results dso indicate tha a dgnificant increase in surge and wave height will
occur throughout much of the study Ste.  Increases are widespread in the study area with
the largest occurring & Fourchon, Timbdier idands and in particular, Ides Dernieres and
the adjacent marshes. At these locations increasing vaues range from 10 to >12 ft.
Throughout the marsh north of Terebonne Bay, vaues increase from 6 ft, dthough in
severd location increases between 10 and >12 ft were computed.

The data presented here have very important implications for the oil and gas
infragtructure located in the sudy Ste. The data suggest that in the absence of large-scae
barrier and marsh restoration, the current infrastructure will experience increasing surge
levels and increasing wave energy if the anticipated coastal erosion is permitted to occur.
The data dramatically illustrate that nearly the entire infrastructure is potentialy exposed
to increased surge and wave heights over time. It aso important to note thet this
conclusion pertains to tropica storms and weaker hurricanes that historicdly, are known
to have a high frequency of landfdl aong the Louisana coad.



INTRODUCTION

Background

The southcentrd Louisiana coast is experiencing rapid deterioration of its barrier
idands and mainland coast. Higtoricdly (past 100+ years), this coasta reach has
undergone erosion dong its Gulf-facing beaches at rates in excess of 50 ft. per year
(McBrideet d., 1992). Numerous scientific papers have concluded that Louisanais
experiencing the highest rates of coasta erosion in the United States (Gosselink et dl.,
1998). The forcing mechanisms responsible for such losses have been well documented
and include rapid rise in relative searleve, reduction in sediment supply to the coast, a
host of complex physical processes and anthropogenic activity. A comprehensive review
of the relative importance of these processes and human activities may befound in
(Coleman et al., 1998).

Historical records suggest that the southeast of the U.S. experiences among the
greatest number of tropica cyclone landfdls around the globe with the Gulf of Mexico
experiencing alarge number of them (Figure 1). In arecent sudy that focused on the
frequency of tropica systemsimpacting the Louisiana coast, evidence was presented
showing that dong with Key West, Florida, south-central Louisiana ranked the highest
over aone hundred year period (1900-2000) in frequency of strikes of mgor storms
(category 3 and above) for an area extending from Texas to North Carolina (Muller and
Stone, 2001). Thedigtribution of strikesis shown for the Gulf of Mexico in Figure 2.
Severd recent scientific studies have underscored the significance of tropica and
extratropica stormsin driving coasta eroson aong the Louisiana coast (Stone and Finkl,
1995; Stone et. al., 1993; 1995; 1997; 1999; 2003; Muller and Stone, 2001). Asshownin
Figure 3, winter sormsin addition to tropica cyclones have frequently impacted the
coast and more often than not, result in severe overwashing and breaching of the barrier
and mainland systems. Thisislargely due to the fact that the eevation of the beach and
dune system is exceptiondly low, typicaly lessthan 10 ft. above sealevd. Thus, the
cumulative impact of these events over timeisagradud but sgnificant declinein the
physical stability of thiscoast. The combination of storms, sealeve rise, subsidence and
areduction in sediment supply to the coast has resulted in rapid deterioration of the
barrier idandsin Louisana Theidands are particularly vulnerable to breaching during
storms and post-storm recovery is generdly not accomplished, or dow between storm
events. Figure 4 provides acontrast in response of abarrier in the Louisanaldes
Dernieres chain to Hurricane Andrew (1992) and a Florida Panhandle barrier's response
to Hurricane Opd (1995). Note the breaching that occurred along the Louisiana barrier
whereas the Horida barrier maintains its structurd integrity. Both stcorms were
comparable in strength and made landfall as category 3 hurricanes.

Reviews of the importance of hurricanes and tropical storms on coastal Louisana
can be found in (Penland et a, 1989; Stone et a, 1993; 1996; 1997; 1999; 2003). Recent
work aso shows that with the gradua demise of barrier idands dong south-centra
Louisana, wave energy conditionsin the bays are increasing with time (Stone and
McBride, 1998). This phenomenon is gpparent during fair-westher wave conditions and



during storms when lower frequency waves propagate through wider inlets and breaches
adong the barrier syssem. A numerica wave modding study (Stone and McBride, 1998)
shows a positive correlation between barrier loss and bay wave energy increase very
clearly. Forecasts of barrier idand loss (Ides Dernieres and Timbdier idand) between
the 1990's through 2020 show dramatic increasesin bay wave energy with time on
amulating fairweather wave conditions (Figures 5 and 6). The importance of barrier
restoration is aso evident where a hypothetica barrier sysem isincluded in the
numerica approach, and a dramatic decrease in wave energy in the bays occur. These
data support the contention that if the outer coast is not restored, presently protected bay
systemswill be rapidly transformed into open marine conditions. Thus, marsh shorelines
fringing these bays will continue to experience higher wave energy conditions over time,
and thereby become increasingly prone to damage during severe sormsincluding
tropica storms and hurricanes.

Objectives

While the connection between barrier loss and increased wave energy conditions
during mgor gormsin semi protected bays is intuitive, a detailed evauation of this
connection had not been made until now. Thus, the obvious implications for the oil and
gas industry and increased vulnerability to waves and surge during mgjor storms were not
reedily apparent. In late 2001 the Secretary of the Louisiana Department of Natural
Resources commissioned a group of scientists at Louisiana State University to further
evduate this possibility. This report documents the methodologica techniques and
results of astudy that focuses on the direct effects of barrier idand and marsh losson
gorm surge and wave energy levels associated with amgor hurricane event. This effort
was accomplished using state- of-the-art numerica wave and surge models.  The project
isviewed asapilot effort that could be conducted over larger portions of the coast in the
future.

Study Site Selection

For purposes of this pilot project, the area shown in Figure 7 was chosen as the
study dte for severd reasons. Fird, the dite is characterized by a dense network of ail
and gasinfragtructure in the form of oil and gas wells, pipelines, platforms and sructures,
crude oil and gas production facilities. Second, Terrebonne Bay, in which much of this
infragtructure exigts, is fronted by the Ides Dernieres and Timbdier Idand chains, both of
which are eroding at among the highest ratesin the State.  As shown in Figures 5 and 6,
thisareaiis gradualy being transformed into open marine conditions and the outer
protective barrier system is becoming less efficient as a buffer to sorm wave energy with
time. Asshown in Figure 8, the study Ste gpproximated 1.09 million acresin 1950. In
the early 1990's, the area was reduced to gpproximately 0.85 million acres, areduction of
24%. The panel on far right in Figure 8 shows the gpproximate landmassin accord with
aforecast for the year 2020. While the 1950 and early 1990's surface is based on
historical data sets, and therefore, the 24% reduction in landmassisred, the forecast to
2020 is amply an gpproximation. A more detailed evauation of the techniques used to
obtain this forecast can be obtained from Stone and McBride (1998) and the Barrier
|dand Feesibility Study (1999).



Gulf of Mexico Hurricane 'Tracks' 1886-1996 from NOAA NHC

Figure 1. Upper: Anexample of the frequency of landfalls of hurricanesin the Atlantic basin over aone
hundred year period. Lower: Example of the spatial distribution of hurricane trajectories and landfalls for
the same time period in the Gulf of Mexico.
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Figure 2. Tropical storm and hurricane strikes from Texas to Floridafor the period 1900-2000 (From Muller and Stone, 2001).




Figure 3. Upper: Raccoon Island along the Isles Dernieres located in South-central Louisianain 1992
before landfall of Hurricane Andrew. Lower: The sameisland after landfall of Andrew showing complete
removal of sand from the barrier.



Figure 4. Left: Oblique aerial of breaching along the Isles Dernieres (Louisiana) after Hurricane
Andrew. Right: Aerial of aFloridaPanhandle barrier after impacts of Hurricane Opal. Both hurricanes
were category 3 in strength at landfall (after Stone et al., 1995a; 1995b).



Project Uniqueness

There are severd reasonswhy this pilot project is deemed unique: (1) thisisthe
firg effort of itskind in Louisana and in the nation that will quantitatively determine the
connection between barrier idand and wetland |oss on the magnitude of changein storm
surge and storm wave devation; (2) the modding approach utilizes Sate- of-the-science-
numerical models (ADCIRC and SWAN) and goes beyond conventional approaches
undertaken nationaly to merely smulate sorm surge, but includes sorm waves aso.
Omitting wave propagation and wave height during such smulaions sgnificantly
underestimates the resultant super-elevated water level during severe hurricanes, and (3)
the project is arobust way by which the implications associated with changesin waves
and storm surge over time can be evaluated with respect to the oil and gas industry.
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Figure 7. Location of study site in south-central Louisiana including Isles Dernieres and Timbalier islands, north to Lake Pelto. Note, this
section of the coast is eroding at the highest rates in Louisiana and the nation. The red sequence of arrows shows the path of the hurricane
modeled in this study.
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Figure 8. Left: Coastal configuration in 1950 where the study site had ~1.09 million acres of land. Middle: Study sitein the early 1990's where the study site
had been reduced to ~0.85 million acres of land, a 24% reduction. Right: Forecast oss of land in the study site by the year 2020.
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METHODSAND NUMERICAL MODEL APPLICATION
I ntroduction

Data pertaining to the selection and use of an historic hurricane for application to
this project was accomplished using the Nationa Oceanic and Atmospheric
Adminigration’s (NOAA) HURDAT datasst. Thisisacomprehengve, online archiva
data set that is accessible to the public. The numerica modeling component of the project
was accomplished using ADCIRC (Scheffner et d., 1994) and SWAN (Booij et a., 1999).
ADCIRC isanumerica modd capable of computing the time dependent, free surface
circulation and trangport in two and three dimengons utilizing the finite e ement method
in space. Inthis project, we use the mode to forecast hurricane ssorm surge and
subsequent flooding. SWAN is a sophisticated 3" generation spectral wave model,
designed for the nearshore zone. It isrelatively quick to set up and user-friendly in
operation. Asinput, it requires the boundary wave spectrum (minimum requirements are
the wave height, period and direction), wind speed and direction and water level. ArcGIS
8.1, and ArcView 3.3 were the primary GIS (Geographica Information System) software
package used in this project. Severd customized programs were developed to convert the
data format and retrieve the data from the mode to GIS software. Combined, TIN
(Triangulated Irregular Network) and GRID based GI S was the primary approach adopted
for thisproject. A TIN model isasmpleway to build asurface from a st of irregularly
spaced points. The sample points are connected by lines to form triangles, within each
triangle the surface is usudly represented by aplane. The GRID modd is used to
represent the surface by dividing avdue (eg., wave height) into equd-szed cdls The
vaue represents only one specific characterigtic. Therefore, each of the parametersis
represented by individuad GRID models. This approach is discussed in more detail below.

Selection of an Historic Hurricane

Selection of arepresentative hurricane to mode was an important component of
this work and recelved consderable attention. A sgnificant amount of unpublished work
in the form of storm surge modeling had aready been conducted by the U.S. Army Corps
of Engineers (Drs. Norman Scheffner, Coastal and Hydraulics Laboratory, Waterway's
Experiment Station and Lee Butler, Veri Tech, persona communication). Those data
showed conclusively that during smulated Category 4 and 5 hurricanes making landfdl in
south-central Louisiana, the entire barrier and marsh systemn was submerged to the point
where it became ineffective in even partidly mitigating the inshore surge and wave fidd.
Therefore, utilization of such a powerful hurricane would not help meet the objectives of
the current project. Also, given the fact that no known Category 4 or 5 hurricanes at
landfal have come ashore along the study Site and that ahistorica precedent for a
hurricane of this magnitude had not been established, a Category 3 hurricane (at landfal)
was selected as the "design storm” for the present effort. Since 1950 four storms with
Category 3 strength have made landfdl at/near the study site: Hilda (1964), Betsy (1965),
Carmen (1974) and Andrew (1992). (For adetailed evauation of historic hurricanes
impacting the Louisana coast the reader is referred to Stone et d., 1997 and Muller and
Stone, 2001).



In flood protection design work, the U.S. Army Corps of Engineers frequently uses
a Category 3 hurricane documented as having made landfdl dightly west of Grand Idein
1915 (Dr. Norm Scheffner, personal communication). The track of the sysemisshown in
Figure 9 and the sorm is referred to as number 214 on the Nationa Oceanic and
Atmospheric Adminigiration's HURDAT data set. The hurricane began moving north
northwest on September 22", 1915, from the eastern Caribbean Sea, traversed the Gulf as
a category 4 storm and made landfal just southwest of Grand I1de, Louisiana, on October
30, 1915. The maximum wind speed was 115 miles per hour with the lowest pressure of
931 mb. The storm was responsible for near 300 desthsin Louisana.

To fully establish the effects of barrier and wetland loss on storm surge and wave
conditions over time, the 1915 hurricane track was perturbed westward 54.4 miles (0.9
degrees) southwest of itsorigind point of landfal (Figure 9). With thistrgectory and the
meteorological characteristics of the origind 1915 hurricane, the wind, surge and wave
fields would become maximized over the sudy ste. Thus, “twesking” of the trgectory
when coupled to actual meteorologica characteritics of an historic event was deemed
gopropriate to meet the objectives of the present study; utilization of any other historical
event in the category 3 range at landfal would not have permitted meeting the objectives
of this project.

Tropical Storm Wind Field M odel

The hurricane wind fidld modd used in conjunction with the ADCIRC modd isthe
Hurricane Planetary Boundary Layer (PBL) model developed by Cardone et d. (1992). This
mode smulates hurricane-generated wind and atmospheric pressure fields by solving the
equations of horizonta motion which have been verticdly averaged through the depth of the
planetary boundary layer. Additiondly, a moving coordinate system is defined such that its
origin aways coincides with the moving low-pressure center of the eye of the storm p.
Therefore, the tandard equations of motion are transformed into the following relationships
in Cartesian coordinates:

fu, Ju fu o _1%p W U v, GCo 1
TR VA v rx X ”(‘Hx ﬂ)+ Tk W
ﬂ+uﬂ+ ﬂ+fu_l‘"pc l ‘Hu ﬂv)+—|\/| 2

™x Ty rfy 1 ﬂx Ty

where (u,v) arethe wind speedsin (x,y) directions, r isthe mean ar dengty, p; isthe
pressure field representing the tropica cyclone, Ky isthe horizontal eddy viscosity
coefficient, Cp isthe drag coefficient, h isthe depth of the planetary boundary layer, and V is
the magnitude of the wind velocity. The mode includes parameterizations of the

momentum, heat, and moisture fluxes together with surface drag and roughness

formulations.  An exponentid pressure law is used to generate a circularly symmetric
pressure fied Stuated at the low-pressure center of the sorm:
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p(r) = p, + Dpe " ©)

where py is the pressure at the center or eye of the ssorm, Dp = p - po isthe pressure anomay
with p taken as an average background or far field pressure, R isthe scde radius, often
assumed equivaent to the radius to maximum wind, and r is the radid distance outward

from the eye of the sorm.
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wherety,ty arethe wind stressesin the x and y directions, respectively, r 4/r o = 0.001293 is
the ratio of the air dengity to the average density of seawater, and Cp isthefrictiond drag
coefficient.

The PBL modd requires a series of input "sngpshots' conssting of a set of
meteorological parameters defining the sorm at various stages of development or a
particular times during itslife. These parametersincude: latitude and longitude of the eye
of the storm; track direction and forward speed measured at the eye; radius to maximum
winds; central and peripheral atmospheric pressures; and an estimate of the geostrophic
wind speed and direction. The radius to maximum windsis gpproximated using a
nomograph that incorporates the maximum wind speed and amaospheric pressure anomay
(Jdesnianski and Taylor; 1973). Peripherd atmospheric pressures were assumed equal to
the standard atmaospheric pressure of 1013 millibars (mb) and the geostrophic wind speeds
were specified as 6 knots in the same direction as the moving eye of the sorm. The PBL
model input conagts of “histogram” and “sngpshot” files which define the hourly location
in latitude and longitude of the eye of the sorm and the sorm intengty parameters specified
a defined times.

The PBL modd computes a stationary wind and pressure field distribution
corresponding to the storm characteristics specified in the snapshot file at locations
corresponding to the locations of the eye specified in the histogram file. Thesewind and
pressure files are defined on a nested grid composed of five subgrids. Each subgrid
measures 21 by 21 nodesin the x- and y-directions with the center of dl subgrids defined a
the eye of the hurricane. Although the number of nodes composing each subgrid isthe
same, the spatid resolution is doubled for each successive grid. For this study, the center
grid with the finest resolution has a Dx and Dy grid spacing of 5 km (3.1 mi). Incrementd
distances for the remaining subgrids are 10, 20, 40, and 80 km (6.2, 12.4, 24.9 and 49.7 mi).
Thesefixed grids trandate with the propagating storm as defined by the histogram file.
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The hurricane trandationd motion isincorporated into PBL modd caculations by
adding the forward and rotationd velocity vector components. A non-linear blending
agorithm is then incorporated to generate a nested grid field of wind and pressure for each
hour during the life of the storm event. These hourly wind and pressure fields are then
interpolated from the PBL nested grid onto the hydrodynamic model grid and subsequently
dored for use by the ADCIRC modd. Although the PBL modd isidedlized and
modifications in dress are not made for changing sea state and/or landfdl, surge results have
been shown to be acceptable (Mark and Scheffner 1997; Scheffner et d., 1994).

Snapshot and histogram files are computed from data contained in the National
Oceanic and Atmospheric Adminigration’s (NOAA) Nationa Hurricane Center's
DATabase (HURDAT) of tropica storm events (Jarvinen et d., 1988). This database
contains descriptions of al hurricane, tropica storm and severe tropical depressonswhich
have impacted the east coast, Gulf of Mexico, and Caribbean Sea from 1886 to present. The
database contains latitude and longitude locations of the eye of the hurricane with the
corresponding central pressure and maximum wind speeds a 6-hour intervals.

Numerical Model ADCIRC

Storm surge associated with the hurricane was smulated using ADCIRC, ahighly
developed computer program for solving the Boussinesg gpproximations of the equations
of mation for amoving hydrogtatic fluid on arotating earth (Luettich et d., 1992). The
modd uses afinite ement discretization method for the spatia domain and finite
differencesin the time domain. ADCIRC can be run ether as atwo-dimensond depth
integrated modd or as athree-dimensona modd. In either case, eevation is obtained
from the solution of the depth-integrated continuity equation in Generaized Wave-
Continuity Equation (GWCE) form. Ve ocity is obtained from the solution of either the
2DDI or 3D momentum equations. All nonlinear terms have been retained in these
equations. ADCIRC has been optimized by unrolling loops for enhanced performance on
multiple computer architectures. ADCIRC includes MPI library cdlsto dlow it to
operae at high efficiency (typicaly better than 90 per cent) on pardld computer
architectures. Smulations of flow and eevation were forced by boundary conditions
including a zero norma flow, no dip conditions for velocity, surface stresses and
amospheric pressure fidds generated by the hurricane modd.

The ungtructured grid used for sorm surge smulations based on ADCIRC is
shown in Figure (10). The grid covers the entire basin of the Gulf of Mexico, a a
resolution that increases across the shelf and inshore. Thisincrease in resolution
facilitates detailed smulations of gorm surge flooding. A larger scdle image of the
spatidly digtributed data point locations is shown for coastd Louisanain Figure11. The
actua computational grid developed for wave modeling purposesis shown in Figure 12
and is composed of two sub-grids: Coarse (4 km, 2.5 mi) Gulf of Mexico basin scae; and
Fine (300 m, 985 ft) loca scale encompassing the study Site.
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Numerical Model SWAN

High energy conditions and spatial and tempora scales associated with astrong
hurricane such as the 1915 storm, impose severe reguirements on numerica Smulations of
ocean wave propagetion, limiting considerably the choice of numerica modds. Time
domain modds are very accurate, however, the need to resolve phase evolution retricts
their gpplication to smal domains (order of 10 wavelengths). First and second generation
gpectra models, which assume aknown spectra shape, will likdly fail over the shelf and
in the nearshore, where strong wave energy transfers across the spectrum occur due to
nonlinear four- and three-wave interactions which are expected to dominate the energy
baance. In this sudy, wave propagation is Smulated numericdly usng a nongtationary
third generation nonlinear modd caled SWAN (Booij et d. 1999). Nonlinear
mechanisms (including triad and quartet interactions) are not parameterized, but are
represented explicitly in the governing equations. No & priori assumption is made about
the shape of the wave spectrum and its evolution is driven ertirely by physical processes.
SWAN accounts for most of the linear wave propagetion effects (with the notable
exception of diffraction and scattering reflection): shoding, refraction due to current and
depth, frequency shifting due to currents and nongtationary depth, and transmission
through and reflection from obstacles. It incorporates nonlinear mechanisms for wave
generation by wind, three- and four-wave interactions, whitecgpping, bottom friction,
depth-induced bresking, and wave-induced setup.

Robust advection schemes (Rogers et d., 1999) give SWAN the flexibility to
describe wave propagation at a wide range of spatid scaes, from laboratory up to globd,
on both regular and a curvi-linear gridsin a Cartesian or spherica coordinate system.
SWAN has the capability of nested runs, using asinput data provided either by SWAN or
any of the commonly used degp-water models (e.g. WAVEWATCH l1, Tolman 1991, or
WAM, WAMDIG, 1988). SWAN'sflexihility regarding spatia scaleis useful in
modeling the wave field associated with a hurricane. The smulation of long energetic
swellsrequires alarge fetch; in contrast, loca wave fields associated with water depth
varigbility induced by the sorm surge, are characterized by much smaler scalesin both
time and space. Consequently, the smulations were carried in two steps, which took
advantage of SWAN's nesting capabilities. The large scde evolution of the wave field
associated with the hurricane was computed on a coarser grid at aresolution of 4 km (2.5
mi) extending over most of the western hdf of the Gulf of Mexico (Figure 12). The
coarse grid islarge enough to contain the storm system in its entirety. For thetime
sequence studied here, the coarse grid omits regions with a maximum wind speed of less
than 5 m/s (16.4 ft). Asno information was available regarding wind and wave fields for
the hurricane, wave energy was assumed negligible outside the region covered by the
gorm. Asthe orm system made landfall, the loca bathymetry was modified to include
water level changes due to storm surge. The effects of tiddl currents generated by the
surge on waves were neglected. It was aso assumed that the forward speed of the
hurricane was dow enough and the energy transferred to waves high enough for the
associated wave system to attain quas-tationary, fully developed state. SWAN was run
in stationary mode, with each run spanning an hour in experiment time. With the
exception of the more problematic three-wave interaction module, which is not robust
enough at the scales of this experiment, al the source terms of the model were activated.
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Details of the wave fidd insgde Terrebonne Bay and over the flooded areas south of New
Orleans were subsequently computed on afine nested grid a 300 m (985 ft) resolution
(Figure 12), with boundary conditions derived from coarse grid Smulations.

Input Data Preparation for ADCIRC

Grid and boundary conditions are required for running ADCIRC. The base grid
was supplied by the Coastal and Hydraulics Laboratory (CHL), US Army Corps of
Engineers. It contains 49156 eements and 25108 nodes and covers the entire Gulf of
Mexico with emphasis on the shdlf off Louisiana, inshore and onshore to Lake Savador.
Because ADCIRC can be run on highly flexible, irregularly spaced grids, it takesfull
advantage of this high resolution grid in coastal Louisana  Three different bathymetric
grids were used in this project: 1950, 1990 and 2020. They were generated by
superimposing on the base grid provided by CHL the 1950, early 1990's and 2020
shoreline and bathymetric configuration. The 1950 conditions were obtained from a
NOAA navigation chart. The 1990's configuration was obtained from a satdllite image of
1990 vintage and the bathymetry from the Barrier Idand Feasibility Study (BIFS) in
which post Hurricane Andrew data were used to establish the bathymetry (Stone and
McBride, 1998). The predicted shoreline and bathymetry for 2020 was aso taken from
the Feasihility study and the methods used can be obtained from BIFS (1999) and Stone
and McBride (1998). For each scenario, the respective data sets were overlaid on the
origina bathymetric nodes and used to formulate three computationa grids for running
ADCIRC and SWAN.

Input Data Preparation for SWAN

SWAN requiresregular grids with equa spatid intervals. ADCIRC provides an
unstructured grid with data output &t its nodes. Using GIS, the unstructured nodes were
converted from latitude and longitude to UTM. On the UTM projection, the surge,
bathymetric and wind vectors are created to TIN and converted to GRID for use by
SWAN. Two different resolution grids were prepared; aglobd grid and a higher
resolution fine grid. The output from SWAN obtained using the globa grid served as
input for thefine grid. For each time step, four layers of information were prepared: water
depth, abnormd water depth, U component of wind velocity, and V component of wind
velocity. Each layer was obtained for the globa and fine grid.

Output from ADCIRC

For this project, ADCIRC generated two ASCI| files containing two data sets,
abnorma water elevation and wind velocity. The firgt file contained abnorma water
elevation time series output for single time stepstotaling 156 seps at al nodesin the
domain. These vaues represent the surge generated by the hurricane. The second file
contained U,V components of wind velocity time series a dl nodesin the modd grid.
Each time step represented a one hour interva. The hurricane entered the Gulf of Mexico
at step 68, and made landfal aong the coast at step 117.

Output from SWAN

SWAN generated wave height, wave direction and wave period. Subsequently,
maximum wave height, maximum surge, and maximum wave height plus surge height



were caculated by obtaining the maximum vaues for each of the 156 time steps. Thus, a
grid was devel oped representing respective maximum vaues a each grid cdl for
respective periodsin time (i.e,, 1950, 1990's and 2020). Grids were compared to

determine the change in surge, wave height and surge plus wave height for each of the
time periods.



RESULTS and DISCUSSION

Surge Elevations and Wave Heights

1950 Configuration: Maximum surge eevations (SE), wave heights (WH) and
surge plus wave heights (SEWH) are presented for the 1950 scenario in Figures 13, 14
and 15. A faint line indicates the shoreline configuration on the barrier coast and
bay/marsh shordline. Surge leves increase from blue shades to red shades on dl figures.
Gray indicates where land is not flooded according to the modd!.

Over the barrier idands SE vaues range from 10-12 ft and in Terrebonne Bay,
increase to 14 ft reaching a maximum of 14.5 ft in the marsh dong the north-central part
of the sudy area. The surge envelopeis clearly evident dong the north flank of
Terrebonne Bay aong the marsh shoreline. Maximum values are denoted by ared
triangleon dl figures

WH vaues are a a maximum offshore Fourchon where 18.9 ft high waves were
numericaly derived. Significant decreasesin WH occur over the barrier idands where
values are 6-7 ft. Where inlets/passes occur, storm waves propagate landward into the
adjacent bays and attain values of 8-10 ft in Terrebonne Bay. Barrier idands sgnificantly
reduce wave energy in their immediate lee. Wave regeneration does occur particularly
across theinterior marshes north of the bay shordine ataining values of ~ 6 ft. West of
thislocation closer to the storm track, wave diss pation occurs across the marsh surface
landward from the barrier coast.

SEWH vaues show amaximum of 24.9 ft a Fourchon. In Terrebonne Bay and
aong its northern flank, vaues are typicdly 20 ft. Dissipation across the marsh surface
farther north is clearly evident where SEWH vaues show a gradud decrease to ~15 ft.
East and west of the area vaues are typicaly 10-12 ft and 4-6 ft respectively.

1990's Configuration: The barrier idands experience SE values of between 12
and 14 ft (Figure 16) prior to the surge peaking over the marsh shoreline dong north
Terrebonne Bay. Here surge levels are typically 15 ft with amaximum of 15.3 ft dong
the north-central portion of the study site. West towards the track of the hurricane, surge
levels drop dramatically to afew feet.

Maximum WH vaues occur offshore of Fourchon attaining avalue of 18.9 ft
within the dudy area. The amount of wave energy disspation and subsequent wave
height lowering over the barrier idandsis reedily apparent in Figure 17 where waves are
reduced to 6-7 ft and less. Swell propagation into Terrebonne Bay occurs through Cat
Idand Pass, between the Ides Dernieres and Timbalier Idand chains, and gpproximate 10-
12 ftinthe bay. Wave regeneration is again noted north of the bay shoreline where WH
goproximates 7 ft in places. The importance of the barriersin controlling the wave field in
Terrebonne Bay is again apparent.

SEWH vaues are presented in Figure 18. A maximum value of 24.7 ft. occurred
off Fourchon. The combined surge and wave envelope is readily gpparent between and
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Figure 13.

Maximum storm surge elevation along the study site for the 1950 scenario.
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Figure 14. Maximum significant wave height distribution across the study site for the 1950 scenario.
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Figure 15. Distribution of maximum surge elevation and significant wave height across the study site for the 1950 sceanrio.
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Figure 16.

Maximum storm surge elevation across the study site for the 1990’ s scenario.
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Figure 17. Maximum significant wave height distribution across the study site for the 1990’ s scenario.
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landward of Timbdier and East Timbdier Idands north of Cat Idand Pass and aong the
north flank of Terrebonne Bay. Farther north across the marsh, SEWH values exceed 20
ft for the remainder of the northern flank of the sudy area. This rgpidly diminishesto the
east and west.

2020 Configuration: Asshown in Figure 19, surge devations were
goproximately 12-14 ft over the barrier idands. North across Terrebonne Bay, surge
levelsincreased to 15 ft and a maximum eevation of 15.3 ft was Smulated dong the
north-central portion of the study site. South of Lake Salvador surge levelswere in the
10-12 ft range whereas to the west, closer to the storm track, surge decreased to between
2-41t.

Maximum WH vaues are shown in Figure 20 with the maximum vaue of 18.9 ft
occurring offshore Fourchon. Between the Timbdiers, waves of 10-12 ft in height
propagate into the adjacent bay. Propagation of waves between the Ides Dernieres and
Timbdier barrier chains at Cat idand Passis very apparent and WH vaues arein the 10-
12 ft range in Terrebonne Bay. The predicted enlargement of the passes aong Ides
Dernieres results in more ssorm wave propagation into the adjacent bay and considerable
increases in wave energy along the adjacent marshes. Thisis aso evident aong the
Timbdier chain, dthough to adightly less extent. Wavesarein the 6-7 ft range aong
the marsh north of Terrebonne Bay and are rapidly attenuated to the east and west.

SEWH vaues are presented in Figure 21 and show a maximum vaue of 24.4 ft
off Fourchon. The maximum surge and wave inundation occurs in centrd and north
Terrebonne Bay where 20 ft devations and greater are common. East and west of this
area SEWH decrease rapidly to 10-12 ft and 4-6 ft respectively. The ability of the Ides
Dernieres to mitigate the surge and wave field is gpparent whereas the Timbdiers exert
less of acontral.

Changein Surge and Wave Height: 1950 - early 1990's

Changes in maximum storm surge for the 1950-1990' s scenarios are presented in
Figure 22. The vast mgority of the study area experienced storm surge increase over the
gpproximate 40 year time span considered. Much of the area experienced up to a 6 ft
increase with the exception of the marsh shordline in Terrebonne Bay and behind the
Ides Dernieres where increases of >12 ft were found; increases in the 10 ft range were
more common dong Ides Dernieres and Timbdier Idands.

Change in Sgnificant wave height is presented in Figure 23. The datareved a
marked increase in wave height throughout the mgority of the study Ste. Larger
increases are evident dong the marsh bay shordine and aong the barrier idands. Along
the marsh shordline increases of 4 - 5 ft are common whereas on Timbdier Idands 8 ft
increases occur. Reduction in wave height is evident at four locations aong the barriers
and thisis directly atributable to idand migration to the west dong the Timbdiers and to
the east dong Ides Dernieres. A maximum incresse of 10 ft occurs along the eastern
portion of East Timbdlier.
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Figure 19. Maximum surge elevation across the study site for the 2020 scenario.

31



MAXIMUM SIGNIFICANT WAVE HEIGHT
2020 SHORELINE CONFIGURATION

INVESTIGATORS:
Gregory W. Stone, Ph.D.
Alex Sheremet, Ph.D.
Xiongping Zhang, M.S.
Dewitt Braud, M.S.

Coastal Studies Institute
Louisiana State University

FUNDING AGENCIES/COLLABORATORS
Louisiana Department of Natural Resources
Minerals Management Service

U.S. Geological Survey

Height (ft)
[

Cw
PREPREEREERNNNN
PNWARUIONO®OORNW

o

>
2
2 -
20 -
19 -
18 -
17 -
16 -
15 -
-
13 -
12 -
1-
10-
9-
8-
7-
6-
5-
4-
3-
2-
1-
0-
LA

 —
—
—
—
—
—d
—
—d
 —
==
=
 —
=
==
]
]
|
Im—

ZRNWAROON®O R

o
B3
m

$ Maximum Value: 18.9 ft
s

N
o

2 4 6 8 10 Miles
el—

Background Shoreline : 2020
UTM 83, ZONE 15,

Figure 20. Maximum Significant Wave Height distribution across the study site for the 2020 scenario.
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Figure 21. MaximumStorm Surge Elevation and Significant Wave Height for the study areain the 2020 scenario.
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Figure 22. Change in Maximum Surge levels between 1950-1990’ s across the study area.
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Figure 23. Changein Significant Wave Height between 1950 and 1990’ s across the study area.






